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httpIntroduction: The primary objective of this study was to assess the duration of in-hospital survival in 57 patients
with ruptured abdominal aortic aneurysms (RAAA) who did not undergo surgical intervention.
Report: Two hours after registration in the emergency room, 58% (95% CI 45e71) of patients were still alive. The
median survival was 2.2 hours (interquartile range 1e18). In a subgroup including 26 haemodynamically stable
patients, survival after 2 hours was 96% (95% CI 89e100).
Conclusion: In patients with an RAAA without surgical intervention, the duration of in-hospital survival is limited.
However, a group of haemodynamically stable patients can be identiﬁed in whom survival is much longer.
 2014 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Without surgical intervention rupture of an abdominal
aortic aneurysm (RAAA) almost invariably results in death.
Although the outcome is virtually certain, little is known
about the duration of survival. Walker et al. reported a
median survival of 8 hours after conﬁrmation of diagnosis.2
Lloyd et al. reported that 12% of patients died within 2
hours and median survival was over 10 hours.3 These
ﬁndings have important implications for the discussion
about use of computed tomographic angiography (CTA) to
assess suitability for endovascular aneurysm repair, and
about patient referral from regional hospitals to specialised
tertiary hospitals.
The objective of this study was to assess survival in pa-
tients with an RAAA who did not undergo surgical inter-
vention (Fig. 1).REPORT
A retrospective cohort study was conducted in patients
with an RAAA, conﬁrmed by CTA or autopsy, who did not
undergo surgical intervention. Patients were identiﬁed
from a prospectively assembled cohort of 539 consecutivembers of the Amsterdam Acute Aneurysm Trial Collaborators are
n the Appendix A section.
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regional hospitals between 2004 and 2011 in the
Amsterdam ambulance region, The Netherlands.4 Of this
cohort, 116 patients were also included in the AJAX trial.1
Of 539 patients in the cohort, 66 did not undergo inter-
vention. Nine patients were excluded because de-
mographics or time of registration in the emergency room
(ER) were unknown, leaving 57 RAAA patients to be
included in the analysis. The reasons for not intervening
were cardiac arrest or shock (20), decision by the patient
or patient’s family (17), unknown (8), severe comorbidity
(7), age (3), or aortic anatomical considerations (2). Pa-
tients were allocated to two subgroups: subgroup 1
included patients not treated because of patient decision,
comorbidity, age, or aortic anatomical considerations (26),
and subgroup 2 included patients with cardiopulmonary
resuscitation (CPR) and patients with shock as reason for
not intervening (24). The presence of shock was left to the
discretion of the treating physician. Seven patients were
not included in a subgroup because of unknown reason for
not intervening. Baseline characteristics are shown in
Table 1. The primary endpoint was the duration of survival
in hours after registration in the ER. If the primary
endpoint was not retrieved from the record, the patients
were censored at the last known time of survival. Median
survival was 2.2 hours (interquartile range (IQR) 1e18
hours), and after 2 hours 58% (95% CI 45e71%) of pa-
tients were still alive. In subgroup 1 survival after two
hours was 96% (95% CI 89e100%) and in subgroup 2 13%
(95% CI 1e26%). The survival after 48 hours is shown in
the supplementary material (Fig. S1, online).
Figure 1. Survival analysis of the ﬁrst 24 hours from arrival in the ER of 57 patients with an RAAA not undergoing surgical intervention.
Subgroup 1 included patients not treated because of patient decision, comorbidity, age, or aortic anatomical considerations, and subgroup
2 included patients with cardiopulmonary resuscitation (CPR) and patients with shock as reason for not intervening.
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The extrapolation of outcomes to patients who are pre-
pared for surgical intervention is hampered by several po-
tential biases. It is to be expected that patients who did not
undergo intervention are less haemodynamically stable, and
these patients are represented mostly in subgroup 2 (13%
survival after 2 hours). On the other side of the spectrum
are patients included in subgroup 1, haemodynamicallyTable 1. Baseline characteristics of patients with an RAAA in the Ams
patients not undergoing surgical intervention.
Patient characteristics No surgical intervention
All patients (n ¼ 57) Subgr
Age in years 83 (75e88) 88 (8
Male:female 74%:26% (42:15) 19%:8
Previous history of cardiac disease 52% (25/48) 60% (
Previous history of cerebrovascular
disease
15% (7/48) 16% (
Previously diagnosed with AAA 16% (8/49) 19% (
Referred from other hospital 11% (6/57) 19% (
Systolic blood pressure in the
ER in mmHg
90 (50e120) 115 (
Cardiopulmonary resuscitation 40% (23/57) 0
Haemoglobin in the ER in mmol/L 6.9 (5.6e7.6) 7.2 (6
Creatinine in the ER in mmol/L 130 (90e188) 125 (
CTA made 49% (28/57) 77% (
Continuous data are presented as median (interquartile range) and cate
not treated because of patient decision, comorbidity, age, or aortic a
cardiopulmonary resuscitation (CPR) and patients with shock as reaso
NA ¼ not available.stable patients (96% survival after 2 hours). Table 1 shows
that these patients are most comparable with patients who
did receive surgical intervention in the Amsterdam region.
Another potential bias was the inclusion of patients after
CTA. Patients who were diagnosed using duplex ultrasound
and did not have an autopsy may have been missed. Critics
could argue that patients may have been alive after 1 or 2
hours but in a much worse condition than on admission.terdam ambulance region undergoing surgical intervention versus
Surgical intervention
(n ¼ 467)oup 1 (n ¼ 26) Subgroup 2 (n ¼ 24)
1e90) 78 (71e82) 76 (69e80)
1% (21:5) 25%:75% (18:6) 81%:19% (378:89)
15/25) 44% (7/16) 41% (193/452)
4/25) 19% (3/16) 15% (69/451)
5/26) 13% (2/16) NA
5/26) 0 30% (140/467)
90e140) 50 (0e64) 106 (80e132)
96% (23/24) 10% (48/447)
.2e7.9) 6.6 (4.9e7.5) 7 (5.9e8.0)
93e187) 131 (95e183) 107 (87e134)
20/26) 13% (3/24) 82% (385/467)
gorical data as percentage (number). Subgroup 1 included patients
natomical considerations, and subgroup 2 included patients with
n for not intervening.CTA ¼ computed tomographic angiography;
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533), limiting the number of patients in this study.
The present results conﬁrm the outcomes of the study by
Lloyd et al. that a large group of patients with an RAAA are
relatively stable.3 A recent study from England and the United
States reported lower death rates in tertiary hospitals.5 If the
death rate at a specialised tertiary hospital is lower than at a
regional referring hospital, an increase in transfer time could
be deemed acceptable in haemodynamically stable patients.
Analysis of survival in the Amsterdam ambulance region
showed that despite delaying intervention, patient referral
was not associatedwith impaired survival.4 Fitness for referral
was determined by the referring surgeon and was based on
clinical judgement of haemodynamic stability, similar to the
present study. It is noteworthy that the Amsterdam region is
urban and densely populated, and the present conclusions
regarding centralisation might not be valid for more rural
areas. Finally, in the AJAX trial, the median time to EVAR was
74 minutes (IQR 39e126 minutes) and to OR 45 minutes (IQR
35e70 minutes).1
The results of the present study should be interpreted
within the context of these considerations. The study
showed that there are two groups of RAAA patients. The
ﬁrst group contains haemodynamically unstable patients in
whom time is very limited (13% survival after 2 hours). If
surgical intervention is considered in these patients, care
and logistics should be optimal to prevent dying. The sec-
ond group represents haemodynamically stable patients in
whom survival is much longer (96% after 2 hours). These
patients are considered to be most comparable with pa-
tients who do receive surgical intervention. Therefore, the
present study is another indication that a reasonable in-
crease of transfer time in order to reach a specialised
hospital is justiﬁed in haemodynamically stable patients.
What unique educational message is provided and why is
it relevant?
This study reports the duration of in-hospital survival in 57
patients with a ruptured abdominal aortic aneurysm who
did not undergo surgical intervention. After 2 hours, only
58% of patients were still alive and the median survival was
2.2 hours (interquartile range 1e18 hours). However, in
haemodynamically stable patients survival after 2 hours was
96%. In these haemodynamically stable patients, it seems to
be justiﬁed to moderately increase transfer time in order to
reach a specialised tertiary hospital.
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The list of Amsterdam Acute Aneurysm Trial Collaborators is
as follows: centers (number of included patients);
Academic Medical Center (39); R. Balm, M.J.W. Koelemay,
M.M. Idu, C. Kox, D.A. Legemate, L.C. Huisman, M.C.M.
Willems, J.A. Reekers, O.M. van Delden, K.P. van Lienden,
Trial coordinators: L.L. Hoornweg, J.J. Reimerink, S.C. van
Beek.
Onze Lieve Vrouwe Gasthuis (46); A.C. Vahl, V.J. Leijdek-
kers, J. Bosma, A.D. Montaubanvan Swijndregt, C. de Vries,
V.P.M. van der Hulst, J. Peringa, J.G.A.M. Blomjous, M.J.T.
Visser, F.H.W.M. van der Heijden.
VU-University Medical Center (31); W. Wisselink, A.W.J.
Hoksbergen, J.D. Blankensteijn, M.T.J. Visser, H.M.E. Cove-
liers, J.H. Nederhoed, F.G. van den Berg, B.B. van der Meijs,
M.L.P. van den Oever, R.J. Lely, M.R. Meijerink.
Referring centers;
Sint Lucas Andreas ziekenhuis; A. Voorwinde, J.M. Ultee,
R.C. van Nieuwenhuizen
Slotervaartziekenhuis; B.J. Dwars, T.O.M. Nagy
BovenIJ ziekenhuis; P. Tolenaar, A.M. Wiersema
Ziekenhuis Amstelland; J.A. Lawson, P.J. van Aken, A.A.
Stigter
Waterlandziekenhuis; T.A.A. van den Broek, G.A. Vos
Zaans Medisch Centrum; W. Mulder, R.P. Strating
Spaarne ziekenhuis; D. Nio, G.J.M. Akkersdijk, A. van der
Elst
Regional ambulance services; P. van ExterAPPENDIX B. SUPPLEMENTARY DATA
Supplementary data related to this chapter can be found at
http://dx.doi.org/10.1016/j.ejvs.2014.10.007.REFERENCES
1 Reimerink JJ, Hoornweg LL, Vahl AC, Wisselink W, van den
Broek TA, Legemate DA, et al. Endovascular repair versus open
repair of ruptured abdominal aortic aneurysms: a multicenter
randomized controlled trial. Ann Surg 2013;258(2):248e56.
2 Walker EM, Hopkinson BR, Makin GS. Unoperated abdominal
aortic aneurysm: presentation and natural history. Ann R Coll
Surg Engl 1983;65(5):311e3.
3 Lloyd GM, Bown MJ, Norwood MG, Deb R, Fishwick G, Bell PR,
et al. Feasibility of preoperative computer tomography in pa-
tients with ruptured abdominal aortic aneurysm: a time-to-
death study in patients without operation. J Vasc Surg
2004;39(4):788e91.
4 van Beek SC, Reimerink JJ, Vahl AC, Wisselink W, Reekers JA, van
Geloven N, et al. Effect of regional cooperation on outcomes
from ruptured abdominal aortic aneurysm. Br J Surg
2014;101(7):794e801.
5 Karthikesalingam A, Holt PJ, Vidal-Diez A, Ozdemir BA,
Poloniecki JD, Hinchliffe RJ, et al. Mortality from ruptured
abdominal aortic aneurysms: clinical lessons from a comparison
of outcomes in England and the USA. Lancet 2014;383(9921):
963e9.
